The biosynthesis and biological role of 6-deoxyheptose in the lipopolysaccharide O-antigen of Yersinia pseudotuberculosis.
Yersinia pseudotuberculosis O:2a harbours 6-deoxy-d-manno-heptose in its O-antigen. The biological function of 6-deoxyheptose and its role in virulence is unknown and its biosynthetic pathway has not been demonstrated experimentally. Here, we show that dmhA and dmhB are necessary for 6-deoxyheptose biosynthesis in Y. pseudotuberculosis. Their disruption resulted in the lack of 6-deoxyheptose in the O-unit and its replacement by d-glycero-d-manno-heptose, thus indicating relaxed specificity of the glycosyltransferases, polymerase and ligase involved in lipopolysaccharide synthesis. The dmhB mutant exhibited a lower content in ketooctonic acid (Ko)-containing core molecules and reduced ligation and polymerization of the O-unit. We also show that Tyr128 is essential for activity of DmhB, and that DmhB functions as an oligomer, based on the dominant negative effect of overexpression of DmhB Y128F in dmhA. Moreover, we demonstrate that 6-deoxyheptose is important for virulence-related functions of the outer membrane and its appendages in vitro, such as barrier function against bile salts, polymyxin and novobiocin, and flagella-mediated motility. Although both mutants colonized the mouse ceacum as well as the wild type, the dmhB mutant was impaired for colonization of the liver, suggesting that DmhB represents a potential therapeutic target.